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SynthesisofCarbonAnaloguesofPhosphatidylcholines
HavingaPolyunsaturatedFattyAcidatthe2-Position
ChiyoSeki??,YoshihiroMori??,ShuheiNakajima??,
SakayuShimizuandNaomichiBaba??
(DepartmentofBioresourcesChemistry)
Carbonanaloguesofphosphatidylcholineshavinglinoleicorarachidonicacidat
the2-positionweresynthesized.Thesyntheticrouteinvolvesconversionofthe
polyunsaturatedfattyacidesterstotheirmalonicaciddiethylesterderivativesvia
reduction,tosylationandiodination.Thederivativeswereconvertedtodiolsby
LiAlH4 reductionandsubmittedtolipase-catalyzedmonostearoylationiniso-
propylether.Themono-esterwasconvertedtophosphatidylcholinesbytheusual
phosphodiestersynthesis.
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Introduction
Glycerophospholipids like phosphatidyl-
cholines,phosphatidylinositolsandphosphatidyl-
serineshavebeenrecognizedinrecentyearstobe
importantnotonlyasconstituentsofcelmem-
branesbutalsoasbiologicalsignaltransducers.
Anumberofenzymeswhichcatalyzeconversion
ofglycerophospholipidsalso playsimportant
rolesinbiologicalsignaltransductions.Phos-
pholipaseA?widelydistributeinmanybiological
systemsandhasvariousphysiologicalfunctions.
Ithasbeenclaimedthatoneoftheimportant
rolesoftheenzymeistocleaveoutoxidized
unsaturated fatty acid from damaged phos-
pholipidincelmembrane.??Thisenzymeisalso
knowntobeinvolvedinarachidonicacidcascade
andwhenstimulatedbysometriggers,itcata-
lyzescleavageofarachidonicesterlinkageat
sn-2positionofglycerophosphocholine.??The
arachidonicacidthusliberatedgoesintoarach-
idonicacidcascadeinwhichtheacidisconverted
toeicosanoidslikeleukotrienes,whichcausea
varietyofundesirablepathologicalsymptoms.
Therefore,regulation ofenzymeactivity up-
streamstageofthecascadeisveryimportant.??
Withthisinmind,alotofstudieshavebeendone
tofindinhibitorsforthoseenzymesaimingat
developingnew drugs.Carbonanalogues(8)of
glycerophosphocholinehaveverysimilarstruc-
ture,beingdifferentonlyinlinkagebetween
polyunsaturatedcarbonchainandglycerolmoi-
ety.Inthepresentstudy,wedevelopedanew
methodforsynthesisofthesecarbonanalogs
whicharenovelphospholipidsandmightbe
utilizedforbiologicalstudies.
ResultandDiscussion
Synthesis. Thesyntheticrouteisshowninthe
Scheme.Polyunsaturatedfattyacylgroupshav-
ingalcisnon-conjugatedpolyolefinicstructure
likeethylarachidonate(1)aregeneralyknown
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tobeveryunstableinthattheyareeasilyoxi-
dizedbeingaccompaniedbyconjugationandcis/
transisomerizationespecialyinthepresenceof
radicalinitiatorslikemetalions,heatandlight.
Therefore,althereactionsinthepresentstudy
weredoneinthepresenceofbutylatedhydrox-
ytoluene(BHT)asanantioxidantundernitrogen
atmosphereinthedark.Ethylarachidonatewas
convertedtoanalcohol(2)bylithiumaluminum
hydride reduction.The hydroxy group was
converted to iodide(4)with lithium iodein
acetonethrough the tosylate (3)which was
obtainedusingtosylchlorideinpyridine.The
iodide(4)inamixtureofdimethylformamide
(DMF)and THF was treated with diethyl
malonateandsodium hydride.Usualwork-up
andsilicagelcolumnpurificationaffordeda
diethylmalonatederivative(5).??Thisdiesterwas
reducedwithlithium alminum hydrideinether
and,afterusualwork-up,silicagelcolumnpurifi-
cationaffordedthediol(6).Thisdiolisconsid-
eredasamimicofglycerolstructureandmay
serveasagoodsubstrateforanylipasesinthe
presence of acylation reagent to afford a
monoacylform ofthediolinanappropriate
organicsolvent.Thus,weconductedalipase-
catalyzedacylationof6usinglipasePS(giftof
AmanoPharmaceuticalCo.Ltd.,Nagoya)and
vinylstearateasanacylationreagentiniso-
propylether.Thevinylstearatemayreactwith
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somefunctionalhydroxy group provided by
aminoacidresiduelikeserineintheenzyme
activesite,toaffordanactiveesterandvinyl
alcohol.Vinylalcoholliberatedtotheoutsideof
theactivesite isunstable and ispromptly
converted to acetaldehyde.Thisbecomesan
importantdrivingforceforshiftingtheequilib-
riumtogivetheactiveesterintheenzymeactive
site.Theactivatedesterthusformedisattacked
byoneofthehydroxygroupsinthediol(6)asa
nextsteptoyieldthemonoacylform(7)ingood
quantity.Theirreversibilityrenderstheenzyme-
catalyzedacylationmuchfasterandmoreeffec-
tive.Bythisprocedure,monoacylglycerolwas
successfulyobtainedandthestructurewascon-
firmedbyelectrosprayMASSand?HNMRana-
lyses.Thestereochemistryoftheasymmetric
centeranditsopticalpurityarehowever,asyet
unknownsincechiralunnaturalglycerolmimic
(7)cannotbeconvertedtoacompoundwith
known-stereochemistry.Asa finalstep,the
mono-ester(7)wassubmitted to usualphos-
phodiestersynthesisusingphosphorusoxychlor-
ideandcholinetosylateinthepresenceoftrieth-
ylamineandpyridineinethanol-freechloroform.
Thereactionwasconductedatroomtemperature
inanitrogenatmosphereinthedarkfor48h.The
productwaspurifiedbysilicagelcolumneluted
withchloroform/methanol/28% NH?(aq.)(40:
60:2)toaffordthedesiredphospholipid(8).
BiochemicalStudies. Thereareanumberof
phospholipaseswhosesourcesaresnakevenom,
pancreas,beevenom andotherbiologicalsys-
tems.Arachidonicacidcascadeisanimportant
metabolicpathwayofarachidonicacidinwhich
theacidisconvertedtocompoundslikeleu-
kotrienewhichoperatesasatriggerofalergy
symptoms.Thecascadecommencesbythelibera-
tionofarachidonicacidfrom sn-2positionof
phosphatidylcholine by phospholipase A?
throughactivationofthisenzymebysomestimu-
lation.Therefore,from themedicinalaspect,
inhibiting thisenzymewith inhibitorsisan
importantsubject.Inhibitorsofenzymesvery
oftenhavesimilarchemicalstructuretotheir
substrates.From thisview,thephosphatidyl-
cholinemimic(8)wasconsideredtobeapossible
inhibitorofphospholipaseA?sincethisenzyme
catalyseshydrolysisofesterfunctionbetween
fattyacylgroupandsn-2positionoftheglycerol
moiety.Thus,weconductedanexperimentto
measuretheinhibitoryactivityof8usingpig
pancreaticphospholipaseA?and2-1inoleoyl-1-
stearoy1-sn-phosphatidylcholineasasubstrate
inthepresenceof8invaryingamounts.This
experimentshowed that8hasno inhibitory
effect.
Thepresentstudyestablishedasyntheticroute
toobtainanovelcarbonanalogofphosphatidyl-
choline,andthiscompoundmaybeusedasa
mimicofglycerophospholipids.Thisroutecanbe
appliedtosynthesisofothersthathaveadiffer-
entpolyunsaturatedcarbonchainatthesame
position.Thesemimicsmaybeutilizedforexper-
imentson theinhibitory propertiesin other
enzymesrelatingtoglycerophospholipidslike
phospholipaseCandD.
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Spectraldata
Ethyl2-Ethoxycarbonyl-7,10,13,16-docosatetraene-1
-ol(5)?? ?H NMR(200MHz,CDCl?):δ0.88(3H, ,
CH?),1.25-1.43(16H, ,CH?×5,COOCH?CH?),1.88(2H,
dt,β-CH?),2.06(4H, ,C6,C18-CH?),2.08(6H, ,C9,
C12,C15-CH?),3.30(1H, ,a-CH?),4.18(4H,q,COOCH?
CH?×2),5.34(8H, ,C7,C8,C14,C11,C13,C14,C16,C17
-CHolefineprotons).
2-Hydroxymethyl-7,10,13,16-docosatetraene-1-ol(6)
?? ?HNMR(500MHz,CDC13):δ0.88(3H, ,CH?),1.25
-1.38(10H,CH?× 5),1.78(2H,dt,C2’-CH?instearoyl
group),2.06(4H, ,C6,C18-CH?),2.81(6H, ,C9,C12,
C15-CH?),3.64-3.84(4H, ,CH?O× 2),5.39(8H, ,C7,
C8,C14,C11,C13,C14,C16,C17-CHolefineprotons).
2-Hydroxymethyl-7,10,13,16-docosatetraene-1-ol(7)
?? ?HNMR(500MHz,CDCl?):δ0.88(3H, ,CH?),1.25
-1.38(40H,CH?x20),1.61(2H,dt,C3’-CH?instearoyl
group),1.78(2H,dt,C2’-CH?instearoylgroup),2.05(4H,
,C6,C18-CH?),2.30(2H, ,-CH?OCO-),2.80(6H, ,
C9,C12,C15-CH?),3.45-3.60(2H, ,C1-CH),4.05-4.23
(1H, ,C1-CH),5.35(8H, ,C7,C8,C14,C11,C13,C14,
C16,C17-CHolefineprotons).
2-Hydroxymethyl-7,10,13,16-docosatetraene-1-ol(8)
?? ?HNMR(500MHz,CDCl?):δ0.88(3H, ,CH?),1.21
-1.36(40H,CH?× 20),1.57(2H, ,C3’-CH?instearoyl
group),1.90(2H,dt,b-CH?instearoylgroup),2.05(4H, ,
C6,C18-CH?),2.28(2H, ,C2’-CH?),2.81(6H, ,C9,C12,
C15-CH?),3.35(9H,s,N(CH?)3),3.64(1H, ,C1-CH),3.81
(2H, ,-CH?-N),3.84(1H, ,C1-CH?),4.27(2H, ,O-
CH?CH2N),5.35(8H, ,C7,C8,C14,C11,C13,C14,C16,
C17-CHolefineprotons).
多価不飽和脂肪酸を 位に結合する
ホスファチジルコリンの炭素アナローグの合成
勢喜 千代・森 義裕??・中島 修平・清水 昌??
馬場 直道
（生物資源化学講座）
自然界に広く存在するホスフォリパーゼＡ?はグリセロリン脂質の２位のエステル結合を選択的に切断する
酵素であり,消化,アラキドン酸カスケードの起動,リン脂質過酸化物の代謝等,生理作用に広く関わって
いる。本研究ではホスフォリパーゼＡ?の基質ミメテイックとしてホスファチジルコリンの２位エステル結合
が炭素-炭素結合に置き換わった化合物をアラキドン酸とステアリン酸を出発原料としてリパーゼ触媒による
アシル化反応及び有機化学反応によって合成した。
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